It was previously reported that Enterobacter liquefaciens No. 553 grew well on D-xylose as the sole carbon source and was capable of accumulating xylitol extracellularly during growth in a medium containing D-xylose. 1) The oxido-reduction via xylitol was realized as the initial step in D-xylose breakdown exclusively in yeasts and fungi.
However, the reduction of D-xylose to xylitol by NADPH-dependent D-xylose reductase was also found to occur with a Corynebacterium species.
2)It seems desirable, therefore, to elucidate the enzymatic reactions concerning the produc tion of xylitol from D-XylOse by Enterobacter liquefaciens.
This paper describes studies on the me chanism of xylitol production by the use of cell-free extracts and fractionated enzymes from this bacterium. Although the permeability of the cells to organic acids tested remains to be examined, it seems likely that in this bacterium TCA cycle is related to the oxidative degradation of Dxylose.
MATERIALS AND METHODS

Microorganism
Reduction of D-xylose by cell free extract
The reduction of D-xylose by the cell-free extract was examined spectrophotometrically with either NADPH or NADH as cofactor. Figure 2 shows that NADPH was rapidly oxidized with D-xylose, whereas NADH was hardly oxidized.
Since NADPH is required for the reduction of D-xylose, some oxidative reactions genera ting NADPH are presumed to be necessary for promoting this enzymatic reduction in the cells.
As shown in Fig. 3 , the reduction of NADP was found when glucose 6-phosphate, 6-phosphogluconate and isocitrate were used as substrates. Figure 4 shows the reduction of NADP by These results indicate that the amount of NADPH in the cells has a significant effect on the production of xylitol.
Fractionation of D-xylose reductase, D-
xylose isomerase, glucose 6-phosphate de hydrogenase, phosphogluconate dehydro genase and isocitrate dehydrogenase In order to confirm the participation of the above enzymes in the production of xylitol from D-xylose, each of them was fractionated from the cell-free extract. The cell-free extract prepared as described in MATERIALS AND METHODS was treated with MnCl2, and the precipitate was removed by centrifugation. The resulting supernatant fluid was brought to 30% saturation by the addition of solid ammonoum sulfate. The suspension was centrifuged, and the precipitate was discarded. The ammonium sulfate concentration of the supernatant fluid was raised to 60% saturation, and the protein precipitated between 30 and 60% saturation was collected by centrifugation. The ammonium sulfate was further added to the supernatant fluid to 80% saturation, and the protein precipitated between 60 and 80 saturation was collected by centrifugation. Each precipitate thus obtained was dissolved in a small amount of 0.05M Tris-HCl buffer (pH7.5) containing 0.05% 2-mercaptoethanol.
Most of the D-xylose reductase activity, the D-xylose isomerase activity and the glucose 6-phosphate dehydrogenase activity were detected in the 30 to 60% saturated ammonium sulfate precipitate, whereas most of the phosphogluconate dehydrogenase activity and the isocitrate dehydrogenase activity were detected in 60 to 80% saturated ammonium sulfate precipitate. Each enzyme solution thus obtained was passed through a Sephadex G-100 gel column (2.5 x 150cm) and eluted with 0.05 M Tris-HCl buffer (pH7.5) contain ing 0.05% 2-mercaptoethanol. Fractions of 5ml were collected and assayed for the enzyme activities.
As shown in Fig. 7 , each enzyme gave only one peak fraction. The supernatant fluid was dialyzed against 0.05M Tris-HCl buffer (pH7.5) containing 0.05% 2-mercaptoethanol for 20hr, and the dialyzed solution was applied to a DEAEcellulose column (0.9 x 20cm) equilibrated with the same buffer. The elution was carried out with a linear gradient from zero to 0.6M KCl in 0.05M Tris-HCl buffer (pH7.5) containing 0.05% 2-mercaptoethanol, and fractions of 5ml were collected (Fig. 8-A containing D-xylose reductase activity from DEAE-cellulose column chromatography were pooled, concentrated and centrifuged. The supernatant fluid was reapplied to a Sephadex G-100 gel column (2.7 x 90cm) and eluted with 0.05M Tris-HCl buffer (pH7.5) containing 0.05% 2-mercaptoethanol. Fractions of 3.5ml were collected. As shown in Fig. 8-B , only one peak with D-xylose reductase activity was obtained, and this fraction was used for subsequent studies.
Fractions containing D-xylose isomerase activity from. Sephadex G-100 column chro matography (Fig. 7) were pooled, concentrat ed and centrifuged. The supernatant fluid was dialyzed against 0.05M Tris-HCl buffer (pH7.5) containing 0.05% 2-mercaptoethanol for 20hr, and the dialyzed solution was ap plied to a DEAE-cellulose column (0.9 x 20cm) equilibrated with the same buffer. The elution was carried out with a linear gradient from zero to 0.6 M KCl in 0.05M Tris-HCl buffer (pH 7.5) containing 0.05% 2-mercapto ethanol, and fractions of 5ml were collected (Fig. 9-A isomerase activity from DEAE-cellulose co lumn chromatography were pooled, con centrated and centrifuged. The supernatant fluid was reapplied to a Sephadex G-100 gel column (2.7 x 90cm) and eluted with 0.05M Tris-HC1 buffer (pH7.5) containing 0.05% 2-mercaptoethanol. Fractions of 3.5ml were collected (Fig. 9-B) . This fraction was used for subsequent studies.
Each fraction containing glucose 6-pho sphate dehydrogenase activity, phosphoglu conate dehydrogenase activity and isocitrate dehydrogenase activity from Sephadex G-100 column chromatography (Fig. 7) was also purified separately by DEAE-cellulose column chromatography in the same manner as de scribed above.
Properties of D-xylose reductase 1) Effect of pH.
Effect of pH on the enzyme activity was measured at various pH values. As shown in Fig. 10 , the pH optima of the reduction of D-xylose and the reverse reaction by the D-xylose reductase are 7.5 and 9.7, respectively. Figure 10 shows that the reverse reaction by D-xylose reductase occurs at a decreased rate at pH 7.5.
FIG. 10. Effect of pH on D-Xylose Reductase.
The reaction mixture was prepared as described in MATERIALS AND METHODS except that 0.05M buffers of different pH were used. Enzyme was used in 2.35 units (1) and 3.8 units (2), respectively. Curve 1 shows the reduction of D-xylose to xylitol and curve 2 shows the oxidation of xylitol into D-xylose. A-A, citrate-NaOH buffer; A-A, phosphateNaOH buffer; 0-0, Tris-HCl buffer; •-9, glycine-NaOH buffer.
2) Substrate specificity. D-Xylose reduc tase activity was assayed with a number of different sugars and polyols. The results are given in Tables II and III 3) Effect of temperature.
Effect of tem perature on the enzyme activity is shown in Fig. 11 . The optimal temperature was 40°C.
4) Identification of reaction products.
Re action products of the reduction of D-xylose Enzyme was used in 2.6 units. The reaction mixture was prepared as described in MATERIALS AND METHODS. Enzyme was used in 1.5 units.
Properties of D-xylose isomerase 1) Effect of pH.
The pH optimum of this enzyme was 7.0 (Fig. 13) . The activity of this enzyme decreased markedly in the TrisHCl buffer system.
2 ) Substrate specificity. Substrate speci ficity of D-xylose isomerase was examined by the use of some pentoses and hexoses.
As given in Table IV , only D-xylose was 
